S8.21 Rapid effect of 3,5-diiodo-l-thyronine on mitochondrial fatty acid oxidation and thermogenesis in skeletal muscle  by Lombardi, Assunta et al.
S52 ABSTRACTS / Biochimica et Biophysica Acta 1777 (2008) S2–S111yeast has shown that, during aerobic growth, cAMP pathway
contributes to the adjustment of the mitochondria to the energy
demand in order to maintain a constant growth yield by modulating
the amount of mitochondria when cell growth slows down. The aim
of this study was to determine the origin of mitochondrial decrease
(energy demand decrease by drop cell proliferation, inhibition of
mitochondrial biogenesis). We take cells in proliferation state and we
arrest proliferation by transferring cells into a resting medium.
Hence, we have the possibility to artiﬁcially increase energy demand.
Our ﬁrst data without energy demand increase show that mitochon-
drial regulation ﬁrst involves a modiﬁcation of the mitochondrial
steady state respiration (as shown by oxygen consumption) and then
a pathway which requires a new cytosolic protein synthesis (as
shown by experiments in the presence of cycloheximide). Using
various yeast strains, we show that the adjustment is identical
regardless of the strain. Concurrently, analyses of mitochondrial
enzymatic activities, western-blot, electronic and ﬂuorescence
microscopy show that there is no modiﬁcation of mitochondrial
amount. This study points out to a process of mitochondrial amount
adjustment, during growth, which needs cell proliferation in order to
drop mitochondrial amount.
doi:10.1016/j.bbabio.2008.05.204
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The aim of the study was to establish a method for transfection of
rat primary myotubes with siRNA.
Myoblasts were isolated from the hind legs of newborn Wistar
rats and grown on matrigel® coated culture dishes. The cells were
considered differentiated on day 11–15 of culture (J. Biol. Chem.
(2002) 277, 4831). The ﬂuorescent positive transfection control
siGLO® (Dharmacon) or siRNA molecules directed against three
isoforms of creatine kinase (CKM, CKB and sMtCK) were transfected
using three different transfection agents: Oligofectamine® (Invitro-
gen), X-tremeGENE® (Roche) and Dharmafect4® (Dharmacon). We
found that successful transfection was only obtained with Dharma-
fect4®, that the optimal concentration of siRNA was 100 nM and
that the most favourable time point for transfection was on day 7
of our protocol. The CKB messenger was undetectable, whereas we
were able to decrease the mRNA levels of the sMtCK and CKM
isoform of creatine kinase by app. 65%. The corresponding levels of
creatine kinase activity were only reduced app. 33% with the CKM
siRNA, suggesting a half-life of the enzyme exceeding the duration
of our experiment. The creatine kinase activity was not reduced by
the sMtCK siRNA, indicating that CKM is the predominant isoform
in our culture system.
doi:10.1016/j.bbabio.2008.05.205
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noic acid (EPA) oxidation in primary cultures of rat myotubes (J. Biol.
Chem. (2002) 277, 4831). Pyruvate oxidation had an apparent Km
value of 1 mM. Fatty acid oxidation increased linearly with the
concentration of fatty acid. Pyruvate oxidation was inhibited 34±7%
by 0.1 mM oleate and 46±6% by 0.2 mM oleate at 0.15 mM
pyruvate. In contrast, 0.15 mM pyruvate had no effect on oleate or
EPA oxidation. 3-Hydroxybutyrate (1.5 mM), presumably causing a
more reduced mitochondrial matrix NAD-redox state, inhibited
pyruvate oxidation by 60%, but oleate oxidation by only 15%.
Reduced cytosolic NAD-redox state (by 1.5 mM lactate) resulted in
70% inhibition of oleate oxidation. Experiments with isolated
skeletal muscle mitochondria respiring at 50% of state 3 or at
state 3 showed a ca. 40% inhibition of pyruvate oxidation by pal-
mitoyl–carnitine, but only 0–20% inhibition of palmitoyl–carnitine
oxidation by pyruvate. Thus, pyruvate oxidation is more prone to
inhibition by fatty acid oxidation than vice versa. It appears that
both the cytosolic and the mitochondrial NAD-redox states are in-
volved in the regulation of substrate choice by muscle cells.
doi:10.1016/j.bbabio.2008.05.206
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The Crabtree effect is deﬁned as the glucose-induced repression of
respiratory ﬂux; its triggering mechanisms are still unknown. Sac-
charomyces cerevisae exhibits a Crabtree effect during fermentation. In
these conditions a decrease of cytoplasmic phosphate levels and an
increase of NAD+ have been observed. At the same time, glycolysis
hexoses phosphates accumulate in the cytoplasm, particularly
fructose 1,6-biphosphate (F16bP). In order to explain the Crabtree
effect, we analyzed the interactions between F16bP, phosphate and
NAD+. In isolated mitochondria and in permeabilized spheroplasts
F16bP inhibited the respiratory ﬂux. The levels required for this
inhibition were similar to those observed in the cytoplasm of yeast
cells at the beginning of fermentation. In isolated mitochondria,
reduction of the NADH steady-state levels using a NADH-regenerating
system lead to a decrease of the rate of oxygen consumption in yeast
mitochondria, which were further inhibited in the presence of F16bP.
By contrast, decreasing phosphate levels increased respiratory ﬂux.
However, this effect was fully counteracted by F16bP. During
fermentation in yeast, the decrease in the NADH/NAD+ ratio, plus
the increased cytoplasmic F16bP levels contribute to the Crabtree
effect induction.
doi:10.1016/j.bbabio.2008.05.207
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S53ABSTRACTS / Biochimica et Biophysica Acta 1777 (2008) S2–S1113,5-diiodo-L-thyronine (T2) administration to high fat fed rats,
reduces adiposity and body weight gain by stimulating hepatic
fatty acid oxidation with a concomitant less efﬁcient utilization of
lipid substrates. When injected into hypothyroid rats, T2 is able to
increase resting metabolic rate, lipid metabolism and survival to
cold. Skeletal muscle, endowed with signiﬁcant mitochondrial
capacity, is an important site for glucose disposal, lipid oxidation
and thermogenesis, its mitochondrial proton-leak accounting for a
signiﬁcant fraction of resting metabolism, thus the effects of T2 on
mitochondrial skeletal muscle would be of great physiological
relevance. To test if T2 could affect mitochondrial skeletal muscle
metabolism we injected a single dose of T2 (25 μg/100 g bw) in
hypothyroid rats. Within 1 h following T2 injection we detected i)
a signiﬁcant increase in mitochondrial fatty acid oxidation rate
(+80% vs hypothyroid rats) and total carnitine palmitoyl-transfer-
ase (CPT) activity (+35% vs hypothyroid rats), ii) the activation of
AMPK-AcetylCoA carboxylase (ACC)-malonyl CoA signalling path-
way, thus suggesting its involvement in the CPT activation by T2
iii) a signiﬁcant increase (+55% vs hypothyroid rats) of the
mitochondrial thioesterase-I activity and a less efﬁcient utilization
substrates through an induction of fatty acid-dependent mito-
chondrial uncoupling. These data give further insight on the
effects of T2 highlighting mitochondrial skeletal muscle as one of
its targets.
doi:10.1016/j.bbabio.2008.05.208
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Nitric oxide (NO) is known to cause persistent inhibition of
mitochondrial respiration as a result of S-nitrosation of NADH:
ubiquinone oxidoreductase (complex I). Mitochondrial complex I
can exist in two interconvertible forms, active (A) and de-active,
dormant (D). When the enzyme is idle, the catalytically active A-
form is spontaneously converted into the D-form. We have now
found in mitochondrial membranes that the conformational state
(A or D) of complex I is an important factor for the interaction of
the enzyme with nitrosating agents, since only the D-form was
susceptible to inhibition by nitrosothiols and peroxynitrite. We also
have observed the conversion of the enzyme into the D-form
during hypoxic incubation of J774 macrophages, indicating that
slowing down of the activity of the mitochondrial respiratory chain
in hypoxic conditions leads to spontaneous de-activation of
complex I. Treatment of the cells with NO following hypoxic
incubation resulted in persistent inhibition of complex I. Thus de-
activation of complex I and consequent modiﬁcation by nitrosating
agents prevents transition to the A-form so that the enzyme
becomes locked in its D-form. Such locking of complex I in the D-
form may have pathophysiological consequences, and may vary
depending on the duration of hypoxia, type of tissue and/or the
presence of natural effectors of A/D transition such as calcium and
free fatty acids.
doi:10.1016/j.bbabio.2008.05.209
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The aim of this study was to correlate the oxygen afﬁnity and
redox state of mitochondria of pulmonary arterial smooth muscle
cells (PASMC) with hypoxic pulmonary vasoconstriction (HPV) to
investigate the role of mitochondria in sensing of acute hypoxia.
High resolution respirometry was used for determination of
oxygen pressure at half maximal respiration (p50) in PASMCs and
remission spectrophotometry for determination of redox state of
mitochondrial cytochromes in the isolated lung. Respirometric
analysis showed a p50 of 0.11±0.01 kPa (n=7) in PASMCs, which
was not signiﬁcantly different from aortic smooth muscle cells
(0.10±0.01% kPa, n=8). Hypoxia induced calcium release in
PASMCs was detected at 3% oxygen, which correlates with a
3.6±0.2% inhibition of maximal mitochondrial respiration calcu-
lated by the p50 according Michaels-Menten-Kinetics. By remis-
sion spectrophotometry we detected a reduction of mitochondrial
cytochromes in the isolated blood free perfused and ventilated
lung at an oxygen concentration of ≤1% oxygen, whereas HPV
starts at an oxygen concentration of 10% oxygen. We therefore
conclude that respiration in PASMCs is only slightly inhibited at
oxygen concentrations at which acute hypoxic cell response is
initiated and that this is not different from non oxygen sensing
cells. All data were shown as average±standard error of the
mean.
doi:10.1016/j.bbabio.2008.05.210
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Many studies display efﬁciency of stem and progenitor cells in
injured myocardium function reﬁnement. Integration of trans-
planted cells into myocardial tissue is of a particular interest. We
examined the possibility of cell-to-cell exchange of cytoplasm and
organelles between mesenchymal stem cells (MSC) and rat
cardiomyocytes. We revealed that after cocultivation cells formed
intercellular contacts (through nanotubes or gap junctions) and
transient exchange with cytosolic elements could be observed.
Confocal and electron microscopy revealed mitochondrial-like
structures in the intercellular cytoplasmic nanotubes, indicating a
possibility of mitochondrial transport through the nanotubes. We
revealed the result of such transport — mitochondria were
transferred from MSC to cardiomyocytes. The cytoplasm transport
between contacted cells was conﬁrmed by exchange of the
ﬂuorescent probe Calcein between cells. Another result of cocultur-
ing was the appearance of human cardiac-speciﬁc myosin H-chain
in MSC. We proposed that penetration of cardiomyocyte's cyto-
plasm to MSC caused such differentiation by donation of some
signaling molecules to ignite MSC differentiation on the cardiac
muscular pathway. We can speculate that cardiomyocytes-to-MSC
cross-talk caused turning on differentiation of MSC towards
contractile cells, and second MSC can donate mitochondria to
